A novel technique for the full-wave analysis of 3D complex waveguide de-5 vices is presented. This new formulation, based on the Boundary Integral-
Introduction
Coaxial waveguides have been extensively used as coupling or feeding elements, investigated structure considers a connection between a cylindrical coaxial probe and 47 an inner metallic post, the shape of such post is restricted to a rectangular geometry. needed by the original BI-RME technique [Golub and Van Loan, 1996] .
77
It is very important to insist on the fact that previous contributions devoted to the 78 analysis of waveguide components using the 3D BI-RME method cannot deal with the 79 connection of the coaxial probe to the loading posts or to the resonator metallic walls. 
where k is the wavenumber, v represents the excitation of the structure, and x 129 constitutes the unknown of the problem, which is related to the electric current expressions of the BI-RME matrices A, B and C used in (1) must be properly 134 updated as follows:
In the previous expressions, K is a diagonal matrix containing the first M resonant
140
wavenumbers k m of a canonical rectangular cavity, while the rest of matrices can be 141 defined as: classical formulation. Therefore, the SVD decomposition of matrix S RWG yields:
In this expression, U is an orthogonal matrix whose columns are the eigenvectors The SVD decomposition of the matrix S RWG provides the transformation matrices 175 t V and t W as follows:
Next, the solenoidal W and non-solenoidal V basis functions can be readily obtained 
Finally, the computation of matrix U allows us to derive the set of the classical 185 BI-RME matrices (see [Mira et al., 2005] ) needed to obtain the generalized admit-tance matrix of the analyzed component:
Although the calculation of the previous matrices derived in (7) involves several ma- 
In the previous equation, f(r) denotes the RWG basis functions; b is a vector con- 
215 where the matrices W, L ′′ , Q, and R ′′ have been defined in (7); v is the excitation 216 vector used in (1), and a is a vector containing the so-called mode amplitudes: Next, starting from (8), we previously define:
Then, making use of the mode amplitudes defined in (10), the desired expressions 224 for the electric and magnetic fields in the structure can be finally written in terms of both the coefficients d and the RWG basis functions used to represent the electric 226 current density:
v n e n (r)
where n is the inward unit vector normal to the surface; and g m (r, r ′ ) represents point is located at a height of 6.79 mm. The rest of dimensions can be found in 258 Table 1 and Table 2 .
259
In Fig. 3 , we have represented the electrical response of the designed interdigital and the corresponding widths can be found in Table 3 . Moreover, the lengths of the 284 waveguide resonators are listed in Table 4 . to cool the component. In Fig. 7 we have depicted the computed magnetic field at 300 f = 83 GHz, and a very good agreement is observed with regard to the data obtained 301 using Ansys HFSS.
302
The last validation example addresses the design of an X-band evanescent-mode Table 5 . Moreover, the 313 lengths of the uniform waveguide sections used between the rectangular cavities can 314 be found in Table 6 .
315
The electrical response of the designed evanescent-mode filter has been represented 316 in Fig. 9 , where an excellent agreement is again observed between authors' simula- 
Conclusion
In this work, a novel CAD tool for the rigorous analysis and design of advanced 324 waveguide components with an integrated coaxial excitation has been proposed. With 325 respect to previous works on the same subject, the proposed technique is able to cope, In section 2.1, the following set of integrals was derived:
where r and r ′ are, respectively, the so-called observation and source points, and (A1) as follows:
355 356 On the one hand, the regular terms I (reg) (r) can be integrated employing very few the singular terms of the previous integrals can be expressed in the following form:
where I is the unit dyadic, R = r − r ′ and R = |R|. Next, we demonstrate that the 366 singular integrals derived in (A3) can be analytically treated to finally yield closed 367 expressions that enable us to obtain very accurate results for the electromagnetic 368 field near the source points.
369

A1. Calculation of I
(sing) E1
(r)
As the divergence of a RWG basis function is a constant value (see [Rao et al., the next expression:
In virtue of the results obtained in [Wilton et al., 1984] , the integral (A4) can be 374 expressed in terms of three line integrals. Let us consider the geometrical variables 375 depicted in Fig. 1 , where we have represented a triangular cell employed when a 376 surface is meshed using classical RWG basis functions. In this figure, a line segment 377 (i) of such triangular cell has been drawn using a bold line. Next, we define the 378 following variables: 
401
Now, the auxiliary integral I aux,1 can be written as:
410 411
Finally, we have:
where the partial derivatives can be obtained as:
417
In this equation, f ′ = ∂f /∂η, with η = x, y, z representing the classical rectangular 418 coordinates.
419
A2. Calculation of I (sing) E2
(r)
The evaluation of this singular integral has been already discussed in [Arcioni et al., 420 1997]. Following the guidelines that can be found in such contribution, a closed form 421 expression can be derived:
where we have defined: 
A3. Calculation of I (sing) H1
The singular term I (sing) H 1 (r) can be computed starting from (A9). In fact:
Therefore, we can readily derive:
436 since ∇ × I N C (r) = 0. Besides, it is important to point out that the calculation of 437 ∇I aux,1 has been already performed in (A7a). Finally, the curl of the vector function
438
I W (r) can be easily obtained starting from the next partial derivatives: Frequency (GHz) S11 BI-RME 3D S21 BI-RME 3D S11 HFSS S21 HFSS Frequency (GHz) S11 BI-RME 3D S21 BI-RME 3D S11 HFSS S21 HFSS S11 Meas. S21 Meas. Frequency (GHz) S11 BI-RME 3D S21 BI-RME 3D S11 HFSS S21 HFSS Table 2 . Length of the uniform waveguide sections used between the resonators of the interdigital filter of Fig. 2 (all data in mm).
Waveguide section Length 1, 4 0.207 2, 3
1.287 Table 5 . Dimensions of the rectangular cavities of the evanescent-mode filter of Fig. 8 (all data in mm).
Cavity Length Height of post 2, 6 4.5 5.508 3, 4, 5 6.0 5.542 Table 6 . Length of the uniform waveguide sections used between the cavities of the evanescent-mode filter of Fig. 8 (all data in mm). Waveguide section Length 1, 6 0.367 2, 5 6.45 3, 4 6.78
